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Many aquatic frog pathogens are considered susceptible 
to fluoroquinolones; therefore, enrofloxacin is a logical drug 
of choice.1,6,11 Our lab recently used HPLC to determine the 
plasma pharmacokinetics of enrofloxacin (single 10-mg/kg 
dose; Baytril, Bayer HealthCare, Monheim, Germany) after sub-
cutaneous and intramuscular administration in Xenopus laevis.7 
The results showed that Xenopus metabolize enrofloxacin in a 
manner similar to that of mammals. The plasma pharmacoki-
netics and the wide spectrum of activity for enrofloxacin and 
its active metabolite ciprofloxacin indicate that enrofloxacin is a 
safe and efficacious antibiotic choice for X. laevis. Whereas enro-
floxacin has been shown to penetrate most tissues and achieve 
therapeutically effective concentrations in mammals,3,5,13,15 this 
information remained unknown for Xenopus. Here we sought 
to determine whether enrofloxacin disseminated from plasma 
and concentrated in various tissues of Xenopus.

Materials and Methods
Animals. We used 8 physically healthy, adult female frogs (X. 

laevis; weight, 112 to 175 g) for the tissue distribution portion of 
this IACUC-approved project. The frogs were fed a commercial 
diet (Frog Brittle, Nasco, Fort Atkinson, WI) and housed in an 
AAALAC-accredited facility in a 300-L pond-style holding 
tank at a stocking density of approximately 1 frog per liter. The 
following water parameters were maintained: temperature, 16 
to 21 °C; pH, 7.0 to 8.5; average hardness, 15 to 30 dGH; total 
chlorine, less than 0.01 mg/L; chloramines, less than 0.01 mg/L; 
ammonia, less than 0.25 mg/L; nitrite, less than 0.20 mg/L; 
nitrate, 0.00 to 50.0 mg/L; copper, less than 0.02 g/L; water 
fecal coliform count, less than 2000 organisms per 100 mL; 

conductivity, 100 to 300 μΩ, and dissolved oxygen, 8.00 to 9.00 
mg/L. The room was on a 12:12-h light:dark cycle.

Study design. Frogs were assigned to 1 of 4 groups: subcu-
taneously administered enrofloxacin, n = 3; intramuscularly 
administered enrofloxacin, n = 3; subcutaneously administered 
saline, n = 1; and intramuscularly administered saline, n = 1. 
Each frog was housed individually after injection.

Tissue collection. Approximately 5 min prior to scheduled 
tissue collection time points (1, 4, and 8 h after injection for 
enrofloxacin-treated frogs; 1 h after injection for saline-treated 
frogs), frogs were submerged in tricaine methanesulfonate (5 
g/L and buffered with 10 g sodium bicarbonate) until both right-
ing and toe-pinch reflexes were absent. The deeply anesthetized 
frogs underwent cardiac venipuncture followed by euthanasia 
via cardiac removal. Samples of brain, heart, kidney, liver, lung, 
and spleen were collected and placed in a −80 °C freezer until 
concentration analyses were performed.

Tissue distribution analysis. HPLC was used to determine the 
concentrations of enrofloxacin and its metabolite ciprofloxacin 
in sampled tissue. Assays were performed as done in a previous 
study using X. laevis.9 The limit of quantification was 0.05 μg/
mL, which was the lowest level that gave a linear response on 
our calibration curve. Tissue concentrations then were compared 
with previously determined plasma concentrations9 to derive 
tissue:plasma concentration ratios.

Statistical analysis. Excel 2007 (Office, Microsoft, Redmond, 
WA) was used to compute average tissue concentration and 
associated values. The threshold used to determine statistical 
significance was a P value of less than 0.05.

Results
The concentrations of enrofloxacin and ciprofloxacin in tissue 

samples from enrofloxacin-treated frogs are shown in Table 1; 
tissue levels of enrofloxacin and ciprofloxacin from saline-
treated frogs (controls) were 0 μg/g and are not included in 
the table. After both subcutaneous and intramuscular delivery, 
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in general, enrofloxacin is more active against gram-positive 
bacteria, whereas ciprofloxacin is more active against gram-
negative bacteria.2,7 Therefore, when the parent compound is 
administered, its metabolite produces an additive effect that 
increases activity, especially against gram-negative bacteria.

The enrofloxacin concentrations in kidney and heart at the 
4-h time point of intramuscularly treated frogs were essentially 
zero (Table 1). This finding is perplexing, particularly when 
one considers the high enrofloxacin concentrations achieved 
at 1 and 8 h. This variation in the results is not easily explained 
but is inherent when measuring tissue concentrations from 
small samples in animals. The aberrant data probably are either 
artifacts or outliers that cannot be verified or refuted without 
further investigation.

Although pharmacokinetic analysis could not be performed 
due to the limited time points and tissues sampled in the current 
study, the results show that enrofloxacin and ciprofloxacin dif-
fused from the plasma and concentrated in the tissues at levels 
above the minimal inhibitory concentrations of various aquatic 
pathogenic bacteria (Table 2). The high tissue concentrations are 
evidence that these drugs penetrate tissue and that there is no 
barrier to diffusion into tissues. However, plasma concentra-
tions typically are used to predict the therapeutic efficacy of 
compounds in this class of drugs.10,12 In contrast, the authors of 
a previous study10 concluded that the antibiotic concentrations 
in the interstitial fluid at the target site are responsible for the 
antibacterial effect and are more relevant in predicting therapeu-
tic efficacy than are plasma concentrations. The homogenized 

enrofloxacin was rapidly absorbed and readily diffused into all 
sampled tissues (brain, heart, kidney, liver, lung, and spleen). 
Enrofloxacin and its metabolite ciprofloxacin were present in the 
tissue samples collected at 8 h. The average kidney concentration 
of enrofloxacin in kidney (14.66 μg/g) was significantly (t test, P 
= 0.04) higher than that in liver (0.46 μg/g). Ciprofloxacin con-
centrations paralleled those of enrofloxacin for all time points 
in all tissues except brain and kidney.

Discussion
Enrofloxacin was rapidly absorbed after both intramuscular 

and subcutaneous administration to X. laevis frogs and diffused 
into all tissues studied. Tissue ciprofloxacin concentrations 
rose rapidly after the administration of enrofloxacin and re-
mained above the detection limit for at least 8 h. The organ 
of metabolism of fluoroquinolones has not been determined 
for amphibians. However, kidney showed the highest con-
centrations of enrofloxacin in the current study, suggesting 
that renal metabolism may be the preferred route. By contrast, 
the enrofloxacin concentrations in liver were low at all time 
points, indicating that the liver may not serve as a major site 
of metabolism. This pattern is distinctly different from that in 
mammals, in which liver metabolism and intestinal excretion are 
the major routes of elimination. The current study shows that 
enrofloxacin is well absorbed and distributed into tissues. Its 
metabolite ciprofloxacin, which similarly appeared in high con-
centrations in various tissues, is also active as an antimicrobial 
compound. Comparisons of the activity of each drug show that, 

Table 1. Tissue concentrations (μg/gm) of enrofloxacin (E) and ciprofloxacin (C) and tissue:plasma ratios of enrofloxacin (TE:PE), ciprofloxacin (TC:PC), 
and enrofloxacin plus ciprofloxacin (TE+C/PE+C) in X. laevis (n = 6) at various times after a single dose of enrofloxacin (10 mg/kg IM or SC)

Brain Heart Kidney

E C TE:PE TC:PC TE+C:PE+C E C TE:PE TC:PC TE+C:PE+C E C TE:PE TC:PC TE+C:PE+C

IM, 1 h 5.2 1.4 0.9 5.7 1.1 3.6 0.9 0.61 3.9 0.7 32.7 1.6 5.5 6.5 5.5
IM, 4 h 4.3 1.9 2.4 2.1 2.3 0 0.9 0 1 0.3 0 0.3 0.3 0 0.1
IM, 8 h 1.1 1.7 0.6 8.3 2.6 1.2 1.1 0.65 5.6 2.1 8.40 2 4.47 10.05 9.6
SC, 1 h 3.3 1.9 1.2 9.0 1.8 13.1 1.4 4.79 6.5 4.9 24 1.1 8.79 5.38 8.5
SC, 4 h 1.9 1.6 1.1 2.8 1.53 7.4 1.3 4.43 2.3 3.9 8.20 1.1 4.94 2.02 4.2
SC, 8 h 0.8 1.5 0.5 1.0 0.7 1.3 0.4 0.85 0.3 0.6 2.96 0.5 1.86 0.3 1.1

Liver Lung Spleen
E C TE:PE TC:PC TE+C:PE+C E C TE:PE TC:PC TE+C:PE+C E C TE:PE TC:PC TE+C:PE+C

IM, 1 h 0.1 0.9 0.0 3.8 0.2 3.5 0.4 0.58 1.5 0.6 4.40 1 0.74 4.33 0.9
IM, 4 h 0.4 0.7 0.2 0.8 0.4 4.3 0.5 2.36 0.5 1.8 7.91 1.2 4.34 1.4 3.4
IM, 8 h 0.7 0.7 0.4 3.4 1.3 2.1 0.4 1.13 1.8 2.3 ND ND ND ND ND
SC, 1 h 0.4 0.5 0.1 2.3 0.3 2.7 0.2 0.98 1.1 1.0 18 1 6.61 4.95 6.5
SC, 4 h 0.7 0.4 0.4 0.8 0.5 2.5 0.2 1.52 0.4 1.2 8.89 0.4 5.36 0.79 4.2
SC, 8 h 0.4 1.1 0.2 0.7 0.5 1.3 0.2 0.8 0.1 0.5 4.4 0.7 2.77 0.42 1.7

ND, not determined.

Table 2. Minimal inhibitory concentrations (µg/mL) of enrofloxacin and ciprofloxacin in various aquatic pathogens

Enrofloxacin Ciprofloxacin

Escherichia coli 0.004–0.015a ≤0.5b

Aeromonas. salmonicida salmonicida 0.008–0.03a 0.015–1.0c

Aeromonas hydrophila 0.25d 0.00375–1.0e

aFrom reference 7
bFrom reference 3
cFrom reference 4
dFrom reference 6
eFrom reference 12
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tissue concentrations reported previously10 may overrepresent 
those in the extracellular fluid of tissues because enrofloxacin 
is known to concentrate intracellularly. However, because 
enrofloxacin is much more lipophilic than is ciprofloxacin (by 
approximately 100-fold1,14), the tissue enrofloxacin concentra-
tions we report here may be underestimates.

Despite these limitations in the interpretation of tissue con-
centrations due to small sample size and inherent variability, 
the current study shows that there are no barriers to diffusion 
of enrofloxacin into the tissues examined. Our results also show 
that kidney concentrations of enrofloxacin were significantly 
higher than were those in liver, suggesting that the kidney 
rather than the liver (as seen in many mammalian species) may 
be the major route of metabolism. Collectively, these current 
findings regarding tissue distribution, together with previ-
ously published data from pharmacokinetics studies and the 
known minimal inhibitory concentrations of enrofloxacin in 
aquatic pathogenic bacteria, provide a strong evidence-based 
rationale for choosing enrofloxacin to treat infectious diseases 
in X. laevis.

Acknowledgment
This study was funded by a grant from the American College of 

Laboratory Animal Medicine Foundation. We acknowledge the techni-
cal assistance provided by Janis Atuk-Jones and Sonja Goedde during 
manuscript preparation.

References
	 1.	Asuquo AE, Piddock LJ. 1993. Accumulation and killing kinetics 

of 15 quinolones for Escherichia coli, Staphylococcus aureus, and 
Pseudomonas aeruginosa. J Antimicrob Chemother 31:865–880. 

	 2.	Blondeau JM, Borsos S, Blondeau LD, Blondeau BJ. 2012. In 
vitro killing of Escherichia coli, Staphylococcus pseudintermedius, 
and Pseudomonas aeruginosa by enrofloxacin in combination with 
its active metabolite ciprofloxacin using clinically relevant drug 
concentrations in the dog and cat. Vet Microbiol 155:284–290. 

	 3.	Boothe DM, Boeckh A, Boothe HW, Wilkie S. 2001. Tissue 
concentrations of enrofloxacin and ciprofloxacin in anesthetized 
dogs following single intravenous administration. Vet Ther 
2:120–128.

	 4.	Brownstein D, Miller MA, Oates SC, Byrne BA, Jang S, Mur-
ray MJ, Gill VA, Jessup DA. 2011. Antimicrobial susceptibility 
of bacterial isolates from sea otters (Enhydra lutris). J Wildl Dis 
47:278–292.

	 5.	Davis JL, Foster DM, Papich MG. 2007. Pharmacokinetics and 
tissue distribution of enrofloxacin and its active metabolite cip-
rofloxacin in calves. Journal of Veterinary Pharmacology and 
Therapeutics 30:564–571.

	 6.	Giraud E, Blanc G, Bouju-Albert A, Weill FX, Donnay-Moreno C. 
2004. Mechanisms of quinolone resistance and clonal relationship 
among Aeromonas salmonicida strains isolated from reared fish with 
furunculosis. J Med Microbiol 53:895–901. 

	 7.	Grobbel M, Lubke-Becker A, Wieler LH, Froyman R, Friederichs 
S, Filios S. 2007. Comparative quantification of the in vitro activity 
of veterinary fluoroquinolones. Vet Microbiol 124:73–81. 

	 8.	Guz L, Kozinska A. 2004. Antibiotic susceptibility of Aeromonas 
hydrophila and A. sobria isolated from farmed carp (cyprinus carpio 
L.). Bull Vet Inst Pulawy 48:391–395.

	 9.	Howard AM, Papich MG, Felt S, Long CT, McKeon G, Bond S, 
Torreilles S, Luong R, Green SL. 2010. The pharmacokinetics of 
enrofloxacin in adult African clawed frogs (Xenopus laevis). J Am 
Assoc Lab Anim Sci 49:800–804.

	 10.	Liu P, Muller M, Derendorf H. 2002. Rational dosing of antibiotics: 
the use of plasma concentrations versus tissue concentrations. Int 
J Antimicrob Agents 19:285–290. 

	 11.	Miller RA, Walker RD, Carson J, Coles M, Coyne R, Dalsgaard 
I, Gieseker C, Hsu HM, Mathers JJ, Papapetropoulou M, Petty 
B, Teitzel C, Reimschuessel R. 2005. Standardization of a broth 
microdilution susceptibility testing method to determine minimum 
inhibitory concentrations of aquatic bacteria. Dis Aquat Organ 
64:211–222. 

	 12.	Mouton JW, Theuretzbacher U, Craig WA, Tulkens PM, Deren-
dorf H, Cars O. 2008. Tissue concentrations: do we ever learn? J 
Antimicrob Chemother 61:235–237. 

	 13.	Papich MG, Van Camp SD, Cole JA, Whitacre MD. 2002. Pharma-
cokinetics and endometrial tissue concentrations of enrofloxacin 
and the metabolite ciprofloxacin after i.v. administration of enro-
floxacin to mares. J Vet Pharmacol Ther 25:343–350.

	 14.	Takács-Novak K, Józan M, Hermecz I, Szász G. 1992. Lipophilicity 
of antibacterial fluoroquinolones. Int J Pharm 79:89–96. 

	 15.	Wiuff C, Lykkesfeldt J, Aarestrup FM, Svendsen O. 2002. Distri-
bution of enrofloxacin in intestinal tissue and contents of healthy 
pigs after oral and intramuscular administrations. J Vet Pharmacol 
Ther 25:335–342.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27


